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Cultured normal (N) and cystic fibrosis (CF) keratinocytes were evaluated for their CI -transport properties by patch-clamp-, 
Ussing chamber- and isotopic effiux-measurements. Special attention was paid to a 32 pS outwardly rectifying CI channel which 
has been reported to be activated upon activation of cAMP-dependent pathways in N, but not in CF cells. This depolarization-in- 
duced C1- channel was found with a similar incidence in N and CF apical keratininocyte membranes. However, activation of this 
channel in excised patches by protein kinase (PK)-A or PK-C was not successfull in either N or CF keratinocytes. Forskolin was 
not able to activate CI- channels in N and CF cell-attached patches. The CaZ+-ionophore A23187 activated in cell-attached 
patches a linear 17 pS C1 channel in both N and CF cells. This channel inactivated upon excision. No relationship between the 
cell-attached 17 pS and the excised 32 pS channel could be demonstrated. Returning to the measurement of CI transport at the 
macroscopic level, we found that a drastic rise in intracellular cAMP induced by forskolin did in N as well as CF cells not result 
in a change in the short-circuit current (I~c) or the fractional effiux rates of 36CI and 125I-. In contrast, addition of A23187 
resulted in an increase of the Isc and in the isotopic anion effiux rates in N and CF cells. We conclude that CI -transport in 
cultured human keratinocytes can be activated by Ca 2+, but not by cAMP-dependent pathways. 
Introduction 
In this study the membrane permeability for C1- of 
normal (N) and cystic fibrosis (CF) keratinocytes in 
culture was evaluated by Ussing chamber-, patch- 
clamp- and isotopic efflux-measurements. At present 
little is known about the electrophysiological response 
of cultured keratinocytes to neuro-hormonal gonists. 
Recent immunological studies suggested that the CF- 
encoded protein, CFTR [1], is expressed at moderate 
levels in cultured keratinocytes [2]. Therefore, as the 
keratinocytes are readily available, these cells in cul- 
ture were considered as an interesting new model to 
study the possible expression of the chloride perme- 
ability defect that characterizes CF epithelial cells from 
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distal airways [3], sweat duct [4-6], small intestine [7,8] 
and pancreas [9]. 
Electrogenic C1--secretion in the keratinocyte ap- 
peared to be activated in response to CaZ+-ionophore 
A23187, but not to /3-adrenergic stimuli or the cAMP 
agonist forskolin. Surprisingly, in excised patches, but 
not in cell-attached patches of N and CF keratinocytes, 
an outwardly rectifying C1--channel with 32 pS conduc- 
tance was identified. A channel with similar biophysi- 
cal properties has been shown following the exposure 
of airway cells to /3-adrenergic stimuli in cell-attached 
patches [10,11]. In excised membrane patches of a 
variety of (non)-epithelial cells this channel was re- 
ported to be activated by purified catalytic subunit of 
protein kinase A (PK-A) or PK-C and ATP at physio- 
logical membrane potential [11-15]. In contrast, the 
outward rectifyer in the keratinocyte membrane could 
neither be activated by cAMP in intact cells nor by 
PK-A or PK-C in excised patches. We identified a 
linear 17 pS Cl--channel which, as suggested by iso- 
topic effiux- and Ussing chamber-measurements, may 
be at least in part responsible for Ca2+-mediated C1-- 
current. 
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Materials and Methods 
Cell culture. Skin preparat ions,  str ipped of conncc- 
tive tissue, were chopped and incubated under sterile 
condit ions in Dulbecco's  modif ied Eagle's medium 
(DMEM)  with the following addit ions; fetal calf serum 
(5%), penici l l in (10 -5 IU), streptomycin (0.1 g / l ) ,  epi- 
dermal  growth factor (12.5 /xg/1) and hydrocort isone 
(0.5 mg/ml ) .  The skin pieces were mainta ined in 25 
cm 2 plastic (Falcon, Heidelberg).  Af ter  24 h, the prolif- 
erat ing kerat inocytes were co-cultured with i r radiated 
f ibroblasts feeder ceils [16] to suppress f ibroblast out- 
growth. Before passaging the kerat inocytes the feeder 
cells were el iminated with trypsin (2.5 g / l )  in phos- 
phate-buf fered saline. The kerat inocytes were har- 
vested in phosphate buffer containing 1 mmol / l  EDTA 
and 2.5 g / l  trypsin. After  washing, the cells were either 
grown on 0.4 / ,m mesh Costar (Cambridge)  filters for 
Ussing chamber  measurements  or on petr i -dishes 
(Falcon) for patch-c lamp analysis. The fi lters were con- 
fluent within 10-12 days, indicated by steady state 
transepithel ia l  potent ial  and resistance. The cells could 
be dist inguished from sweat gland coil or duct cells, 
nasal polyp cells and f ibroblasts on the basis of kerat in 
content and pattern [17,18]. The kerat inocytes could be 
mainta ined in culture for several passages. We used 
cells of pr imary outgrowth, or cells up to passage 
number 4, 24 h or later after seeding. 
Patch-clamp experiments. Heat  pol ished pipettes 
(Corning, GClSOTF-15) with 4 -10 Mohm input resis- 
tance (List EPC-7) were used to monitor  single channel 
current (fi lter frequency 500 Hz) in inside-out patches 
of cells in the centre of conf luent cell layers. Success- 
full seals (2-10 Gohm) were obtained with approx. 
80% of the pipettes. The patch-p ipettes were fil led 
with KC1 solution (Table I) and amilor ide (5 • 10 s M). 
Low Ca 2+ solutions were prepared  by replacing NaC1 
for KCl in the NaCl  solution (Table I) and by adding 5 
mM EGTA according to a method descr ibed by van 
Heeschwijk et al. [19]. Exper iments were per formed at 
room temperature.  Clamp potent ial  (V c) is given with 
respect to the potent ia l  of the pipette (exterior) solu- 
tion. Positive (upward) currents denote C1- ions flow- 
ing out of the p ipette into the bath. To study the effect 
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Fig. 1. Solution exchange compartment (A) positioned in Petri dish 
(C) in which cells are grown. This compartmenl consists of a glass 
ring sealed off at the bottonl with a glas cover slip. In the exchange 
compartment a glass capillary (B, inside diameter f),3 ram) kept open 
at one end is glued to the bottom. After patch excision the pipette 
tip is positioned in the glass capillary. The fluid in the compartment 
is replaced by syringe suction and filling. Thc estimated dead volume 
in the device is < 4~:f due to dead space within thc capillary anti 
droplets ticking to the tip of the electrode salt bridge which is 
lodged in the compartment during the experiments. In our set-up 
exposing the patch to a fresh solution by raising the pipette is 
accomplished within 2 s. 
of protein kinases and trypsin on channel activity we 
developed the following protocol;  patches were excised 
at physiological membrane potential  (V~ =-40  mV) 
and transferred within 2 min to a solution exchange 
compartment  (Fig. 1). After  solution replacement,  
patch activity at physiological holding potential  (V c = 
-40  mV) was studied for 10 min. Hereafter ,  the mem- 
brane was depolar ized to Vc = 70 mV and patch activ- 
ity was studied during a second 10 min interval. By use 
of this protocol  we obtained information about (i) 
spontaneous activation of channels in the excised patch 
at physiological membrane potential  (i.e., approx. -40  
mV); (ii) activation of channels by protein kinases and 
ATP at V~ = -40  mV; and (iii) voltage activation of 
channels at V,. = 70 mV that were not activated previ- 
ously at physiological membrane potential .  
Ussing chamber experiments. The filters and support  
were mounted in an Ussing chamber  (37°C) to monitor  
short circuit current ( I~)  as descr ibed previously [18]. 
Isotopic anion efflux studies. The method to study 
the isotopic effiuxes of t25I- and 36C1 is a slight 
modif icat ion of the technique used by Venglar ik et al. 
1990 [20] as descr ibed elswhere [21]. In short, cells, 
TABLE 1 
Composition ofRinger's olutions (mmol / l) 
Na + K + Mg z * Ca 2 + C1 Glu F Br 1 NO 1, Itepes 
NaC1 140 5 1 1.5 150 - - 5 
KCI 95 50 1 1.5 150 - -- 5 
NaGlu 140 5 1 1.5 l0 140 - -- 5 
NaF 140 5 1 1.5 10 140 - 5 
NaBr 140 5 1 1.5 10 - 140 5 
NaI 140 5 1 1.5 10 - - 140 5 
NaNO 3 140 5 I 1.5 10 - 140 5 
grown to 70-80% confluence in 6 well culture plates 
(34 mm Q; Nunc), were loaded for 90 min with 125I-(3 
/xCi/ml) or 36C1- (5 /xCi/ml) in 1.5 ml modified 
Meyler's solution at 37°C. After washing the cells, the 
basal rate of isotopic effiux was measured by replacing 
the supernatant by fresh solution at 1-2 rnin intervals 
and by liquid scintillation counting. At t = 4.5 min the 
solutions were replaced by a solution containing Ca 2+- 
ionophore or forskolin. Residual isotope was deter- 
mined by adding 1 ml NaOH (1 tool/l). Data are 
expressed as fractional effiux/min. 
cAMP Determination. The accumulation of cAMP in 
reponse to forskolin was assessed as described previ- 
ously [18]. 
Chemicals. The chemicals used were applied in the 
following concentrations (tool/l); amiloride (5.10-5), 
Ca2+-ionophore A23187 (3" 10-6) ,  forskolin (10-5), 
indomethacin (10-5), 4-acetamido-4'-isothiocyanostil- 
bene-2,4-/3-phorbol- 12-/3-myristate- 13-a-acetate 
(PMA), 51B (3',5'-dichlor-diphenylamino-2-carboxylic 
acid) (10-4) ,  5-nitro-2-(3-phenylpropylamino)-benzoate 
(NPPB, 10 -6 M, 10 -5 M, 10 -4 M) (51B and NPPB 
were kindly provided by Professor R. Greger, Freiburg), 
4,4'-diisothiocyanostilbene-2,2'-disulfonic acid (DIDS, 
10 -6 M, 10 -5 M, 10 -4 M). Homogenous preparations 
of purified rat lung PK-A (kindly provided by Dr U. 
Walter, University Clinic, Wiirzburg) and PK-C (kindly 
provided by Dr. P. Parker, U.C.R.F., London) were 
applied in concentrations of 200 and 160 nmol/l, re- 
spectively. 
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Stat&tics. Results are presented as mean _+ S.E. Sta- 
tistical significance was evaluated using paired- or un- 
paired Student's t-tests with P < 0.05 considered as 
significant. 
Results 
Properties of the 32 pS Cl --channel in excised patches 
of the keratinocyte membrane. In excised patches a 
31.7 + 1.2 pS (n = 20) channel rectifying for outward 
current (Fig. 2) was observed in 63% (512 in 809) 
succesful seals of N and 67% (315 in 467) of CF cells. 
The channel activated after prolonged epolarization 
at V c = 70 mV (see above). The relative anion perme- 
ability (Px/Pcl-; Ref 22) of the channel was 1.6 NO;- > 
1.6 I -> 1.3 Br-> 1.0 CI-> 0.6 F- (N; n = 5). The 32 
pS Cl--channel appeared to be impermeable for large 
anions like gluconate (not shown) or for cations like 
K ÷, Na + or Cs +. With a cation gradient across the 
patch in the presence of symmetrical 150 mmol/1 C1- 
ions, the current reversal potential and the channel 
conductance were unaffected (result not shown). 
The open probability was in about 50% voltage 
dependent, ranging from about 0.2 at -70 mV to 
about 0.8 at 70 mV, but voltage independent in the 
other half of the channels (about 0.8 from -70 mV to 
70 mV). 
The effects of the chloride channel blockers NPPB 
and DIDS were assessed by addition to the cytosolic 
face of the excised membrane. The 32 pS Cl-channel 
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Fig. 2. Activity (left panel) and current o voltage relationship ( I -V,  right panel) of a 32 pS CI -channel rectifying for outward currents observed 
in excised patches of N and CF keratinocytes. Dashed line: closed state of the channel. 
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TABI_E I I 
Kcratinocyte c/lloride chatTttel actication in c.xcised patchc.~ hy amhienl 
internal ('a" ~ -concentration or tlypsin at [~ = - 40 m I,] or i'oltage ~tt 
1~ 70 roll 
Ca e' or trypsin activation of the channel was studied for 10 rain at 
40 mV, whereafter the patch was depolarized to 70 mV holding 
potential. 
Bath Bath calcium n ~' -40 mV 70 mV 
(tool/l) 
Sham 10 3 15 5 10 
10 5 9 3 6 
10 7 12 3 9 
10 ~ 32 0 32 
Trypsin 10 s 9 9 0 
0.05% 
" Number of patches containing channel activity. 
was reversibly inhibited by both blockers. NPPB and 
DIDS affected the open probabi l i ty of the channel by 
inducing fl ickering. The NPPB and D IDS concentra-  
tion with half  maximal effect on the channel open 
probabi l i ty were 9 .10  6 mol / l  and 5 .10  -6 mol / l ,  
respectively (M. Kansen et al., unpubl ished ata). 
Spontaneous activation o f  the channel  at physiological 
holding potential  (V,, = -40  mV).  In dog and N and CF  
human tracheal epithel ial  cells the outwardly rectifying 
C1--channel (i) remained closed in excised membrane 
patches c lamped at physiological holding potent ial  
[14,15] and (ii) is act ivated by applying large depolar iz-  
ing potent ia ls  (V~ > 50 mV). This f inding offered a 
suitable exper imental  condit ion to study the activation 
of the channel by regulatory enzymes, like PK-A and 
PK-C, added to the solution of the excised patch. In 
setting up condit ions to study phosphory lat ion- induced 
activation of the kerat inocyte outwardly rectifying C1-- 
TABIJ! II1 
.4ctilation ~t tlw 32 pS (7 -channel in cxcl~cd p~m'ilc~ hv I,otcm 
kinase~ and t'oltagc depolarization 
st = number of patches with channel activity. The ('a' conccmra 
lion in the bath was 10 '~ mol/l (sec Table V) 
Number o l '  - 40 mV 71) mV 
patches 
Activation: 
PK-A + ATP 15 () 15 
PK-C " +ATP+ PMA I1 I) I1 
" Inactivation of previously voltage activated channels by PK-C and 
ATP in 10 6 mol/l Ca 2- was not successfull (n = 14). 
channel at V c = -40  mV, we found that within a t ime 
span of 10 min upon excision about 30% of the CI - 
channels became spontaneously activated if the inter- 
nal Ca 2+ was raised above 10 -7 mol / l  (Table I1). With 
10 -s  mo l / l  Ca 2+ in the internal solution, spontaneous 
activation of the channel was prevented (Table II). 
These results suggested that the 32 pS channel activa- 
tion in kerat inocyte membranes  is susceptible to alter- 
ations in internal Ca 2+, although the molecular  mecha- 
nism involved is as yet unclear. 
Act ivat ion o f  the outwardly rectifying channel by pro- 
tein kinase A (PK-A), protein kinase C (PK-C)  and 
trypsin. The assays (i) to activate the channel at physio- 
logical holding potent ial  with PK-A or PK-C in the 
presence of 10 -s  mmol / l  Ca 2+ and 1 mol / l  ATP  and 
PMA (ii) to inactivate the channel by PK-C in the 
presence of 10 -~ mmol/1 Ca 2+ and 1 mol / l  ATP, as 
descr ibed previously [14,15], were not successful when 
appl ied to the channel of the kerat inocyte (Table III). 
However,  activation of the 32 pS channel was success- 
ful within 1 min after exposing the internal site of the 
mV 
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Fig. 3. Activity (left panel) and current o voltage relationship (I-V, right panel) of a 17 pS channel observed in N and CF cell-attached patches 
of keratinocytes xposed to A23187 (see Table IV). Channel activity disappeared upon excision of the patch. Dashed line: closed state of the 
channel. 
TABLE IV 
Number of cell-attached- and excised patches of  N cells pre-treated with 
different agonists that contained 17 and / or 32 pS channel actidty 
Cell attached activity was monitored at -40  mV holding potential; 
thereafter channel activity was monitored for 10 min at 70 mV (see 
text). 
Control Forskolin A23187 
Cell-attached activity: 
17 pS channel a 5 2 9 
32 pS channel 0 0 0 
Excised activivity: 
17 pS channel 0 0 0 
32 pS channel b 34 ~ 11 d 14 c 
Total No. of patches examined 57 17 20 
~ See Fig. 3. 
b See Fig. 5. 
c One of these patches contained previously cell-attached activity of 
the 17 pS channel. 
d None of these patches contained previously cell-attached activity 
of the 17 pS channel. 
Five of these patches contained previously cell-attached the 17 pS 
channel. 
membrane to trypsin (0.05%; Table II). A similar acti- 
vation of the outward rectifyer by trypsin has been 
reported earlier in excised patches from N and CF 
human airway cells [11], the channel was activated 
within 1 min after addition of trypsin. 
Channel actil;ity in cell-attached patches, effects of 
agonists. In 7% of the N (5 in 57 seals) and 6% of CF 
cell-attached patches (5 in 85 seals) of resting cells a 
17.1 _+ 3.6 pS (n = 5) channel was identified with linear 
I -V  characteristic (Fig. 3). When present, the activity 
of this channel was apparent immediately after seal 
formation. At depolarized membrane potential the 
channel remained closed for long periods. The channel 
53 
activity disappeared upon excision of the membrane 
patch. The reversal potential of cell-attached channel 
current was 15.0 + 3.6 mV (n = 5). Since changing of 
the K+-concentration i  the patch-pipette did not re- 
sult in the appearance of other channels, indicating 
that the channel is CI -selective. From the reversal 
potential it was calculated that in the cell C1--ions are 
accumulated approx. 1.8-fold above electrochemical 
equilibrium (as calculated according to Ref. 23). 
In a second series of experiments we examined 
cell-attached activity (Table IV) in a 10 minute episode 
after preincubating the cells with foskolin or Ca 2+- 
ionophore. Addition of forskolin had no affect on 
cell-attached single channel activity and the channel 
incidence was about the same as in resting cells (ap- 
prox. 12 and 7%, respectively). However, we observed 
that in cell-attached patches of N cells pretreated with 
CaZ+-ionophore the incidence of the 17 pS channel 
activity increased from approx. 8 to 45% (9 in 20 
patches). After excision the channel activity disap- 
peared and the membrane patch was further analyzed 
for channel activity during a second period of 10 min at 
depolarized membrane potential (V~ = 70 mV). In 63% 
of these excised patches a 32 pS outwardly rectifying 
Cl-channel was apparent 0-8 min after depolarization 
independent of pre-stimulation with either forskolin 
(11 channels in 17 patches) or A23187 (14 channels in 
20 patches; Table IV). The activity of the 32 pS out- 
wardly rectifying C1- channel appeared 2.1 _+ 0.2 rain 
(control; n = 7), 2.3 _+ 0.4 min (forskolin; n = 7) and 
2.7 _+ 0.6 min (A23187; n = 6) after the onset of depo- 
larization for N and CF cells. 
Ussing chamber-measurements and isotopic efflux 
studies. The Isc responses of filter-grown monolayers of 
keratinocytes are summarized in Table V. A represen- 
tative recording of the Isc and the effect of agonists is 
TABLE V 
l,c (t z A / cm 2) and change in l~c ( l.l Iv,-) in response to agonists of N and CF keratinocytes moun ted in the Ussing chamber and exposed to NaCl or Na 
gluconate (NaGlu) Ringer's solution 
The cells were obtained from 7 N individuals and 7 CF patients. Number of observations in parentheses a 
NaCI NaGlu 
N CF N CF 
(21) (23) (8) (5) 
1so (resting) + 1.23 + 0.37 + 0.90 _+ 0.23 + 1.44 + 0.49 + 1.25 + 0.33 
,a&c 
Amiloride - 0.51 + 0.19 - 0.51 + 0.11 - 0.24 _+ 0.26 - 0.77 + 0.24 
Indomethacin -0.15+0.09 -0.15+0.06 -0.16-+0.09 -0.13+0.17 
Forskolin 0.0 0.0 0.0 0.0 
A23187 b + 1.22 _+ 0.15 + 0.70 + 0.23 + 1.35 _+ 0.21 + 1.22 + 0.26 
A23187 c + 1.32_+0.17 +0.85-+0.19 0.0 0.0 
The responses of amiloride and the A23187 (except he sustained A23187 response in NaGlu) were significantly different from the resting 
values. 
b Peak response. 
c Sustained response (see Fig. 5). 
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Fig. 4. Redraw of original recordings of Isc across N skin cells 
mounted in the Ussing chamber in chloride- (upper tracing) or 
gluconate-containing solution (lower tracing). Similar responses were 
obtained for CF cells (not shown). Concentrations (mol/l): Amiloride 
(5.10 5), indomethacin (10 5), A23187 (3.10-6) ,  forskolin (10 5), 
B51 (10 4). 
given in Fig. 4. The effects of secretagogues on Isc 
were studied in the presence of amiloride and indo- 
methacin. Mucosal amiloride reduced basal I~ by 40- 
50% in N and CF cells, indicating the presence of an 
amiloride sensitive Na+-conductance in the apical 
membrane of the cells (Table V). The effect of indo- 
methacin, an inhibitor of endogenous prostaglandin 
synthesis on 1~, was not significantly different between 
N and CF cells. The effect of secretagogues that raise 
intraceIlular Ca 2~ or cAMP levels was studied by 
adding Ca2+-ionophore A23187 and the adcnylatc cy- 
clase activator forskolin, respectively. Forskolin did not 
affect basal l~c (Table V) although intracelluhtr cAMP 
concentration showed a 50-fold increase, from 0.45 +~ 
0.25 pmol cAMP/rag protein (n - 2) to 28.3 +_ 3.5 pmol 
cAMP/mg protein after simulation with forskolin. The 
addition of Ca2+-ionophore resulted in :t sustained 
increase in l~c which was not significantly different 
between N and CF cells (Table V: Fig. 5). The sus- 
tained A23187-provoked l~c response was abolished by 
the CI--channel blocker 51B (Fig. 5), and was inhibited 
in part following replacement of CI in the bathing 
fluids by gluconate (Fig. 5, Table V: sustained re- 
sponse). The rapid and transient response observed in 
the gluconate solution is most probably due to the 
opening of K+-channels. 
The Ca2+-induced C1--permeability of the cell 
membrane was further assessed by measuring the t25I - 
and 3~C1 -efflux rates in isotope-loaded N and CF 
keratinocytes (Fig. 5). Addition of A23187 resulted in 
an acceleration of ~251 -- or 36Cl--effiux in both N and 
CF cells. In contrast, the effiux of ~251- or ~e'C1 was 
not affected by forskolin in N and CF cells. The 
estimated effiux ratio C I - / I -  was 0.7 in N and CF 
cells stimulated with A23187. These values agree well 
with resting and Ca2+-provoked CI / I  effiux and 
anion channel selectivity ratio's of HT-29cl.19a- and 
T~4 colonocytes [20,21.24]. 
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Fig. 5. ~25I- (closed symbols) and 36C1 - (open symbols) efflux of N (left panel) and CF (right panel) keratinocytes in response to forskolin or 
A23187. Agonists and vehicle (0.1% ethanol) or vehicle alone (control) were added at t = 4.5 min. The N (n = 3) and CF (n = 3) cells responded 
similarly to A23187. A forskolin response was absent in N and CF cells. • • 36C1 control, o © 36C1 forskolin, v - -  v 36C1 
A23187, • • 125I control, z~ /x 1251 forskolin, • • 125I A23187. 
Our observations suggest hat at least part of the 
Ca2+-mediated I~c-increase in the Ussing chamber ex- 
periments can be ascribed to activation of a Cl--per- 
meability. Also, the absence of a forskolin induced 
125[- or 36C1 -efflux strongly suggest hat cAMP-tri- 
ggered electrogenic Cl--secretion is absent in the kera- 
tinocyte. 
Discussion 
In this study we have evaluated the agonist depen- 
dency of CI -secretion in N and CF cultured human 
keratinocytes by three different methods, i.e., Ussing 
chamber-, patch clamp- and isotope effiux-measure- 
ments. The results of the three methods are in agree- 
ment and suggest hat in both N and CF cells CI - 
secretion is stimulated by elevation of intracellular 
Ca 2+ (Figs. 4 and 5; Table IV and V), whereas in both 
cell types CI -secretion in response to elevation of 
intracellular cAMP levels by forskolin is absent (Figs. 4 
and 5). The presence of /3-adrenergic control of C1-- 
secretion is common to most exocrine epithelial cells, 
while lack of/3-adrenergic controlled Cl--secretion is a 
common characteristic of CE exocrine epithelial cells. 
It has been reported that a 30-40 pS outwardly 
rectifying chloride channel in N but not in CF epithe- 
lial cells could be activated in excised patches by PKA 
[4,12,14]. Therefore, we thought o bypass macroscopic 
CI- current measurements and start directly to acti- 
vate this channel in N and CF keratinocytes by phos- 
phorylation. Since this activation in N keratinocytes 
was unsucessful, we were obliged to investigate the 
stimulation of C1 transport at the level of Ussing 
chamber- and isotopic-anion effiux-measurements. 
The l~c response of CF cells was similar to that of 
normal cells. In both cell types the overall l~c response 
(< 2 ~A/cm z) was rather low as compared to other 
epithelial cells [25]. This may originate from culturing 
conditions, a cell cycle dependency of CI channel 
expression [26] or, in analogy to HT29.cl19A colon 
carcinoma ceils [20,21], from a symmetrical distribution 
of CI conductive pathways among the apical and 
basolateral keratinocyte membrane. The reversal po- 
tential of the 17 pS channel (15 mV; Fig. 3) is expected 
for a channel that is Cl--selective and suggests that in 
the keratinocyte CI--ions are accumulated above elec- 
trochemical equilibrium like in other C1--secreting ep- 
ithelial cells [27]. The increase in the incidence upon 
Ca 2+ ionophore treatment (Table IV) suggests, that 
this 17 pS channel might carry at least part of the 
Ca2+-ionophore provoked l~c and 36C1- or 125I- effiux 
observed in cultured N and CF keratinocytes. How- 
ever, we cannot rule out that part of the isotopic effiux 
is carried by Cl--exchangers. Interestingly, Ca2+-iono- 
phore provoked Cl--secretion is likewise unmodified in 
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CF sweat gland coil cells and pancreas carcinoma cells 
[28,29], CF nasal polyp and tracheal cells [18,30,32], but 
apparently defective in CF intestine and synchronized 
lymphocytes [23,24,26]. 
The 17 pS CI- channel was observed only in cell-at- 
tached patches, the 32 pS Cl--channel only in excised 
patches. They are, however, not related. The number 
of 32 pS C1 -channels in excised patches was similar in 
previously cell-attached patches of cells stimulated with 
CaZ+-ionophore that contained 17 pS channel activity 
(65%, Table IV) as compared to non prestimulated 
cells (63%). The absence of cAMP-triggered Cl--secre- 
tion in the keratinocyte is of particular interest because 
a similar 32 pS rectifying CI -channel, identified in 
excised membrane patches of other epithelial cells, has 
been reported to have altered 3-adrenergic regulatory 
property in CF [10,12,14,22,15]. In human airway ep- 
ithelial cells and tymphoblasts, this 32 pS Cl--channel 
has been reported to be activated (a) in cell-attached 
patches in response to /3-adrenergic agonists and 8- 
Br-cAMP and (b) in excised membrane patches held at 
physiological membrane potentials by the addition of 
ATP plus PK-A and PK-C [11,12,14,15]. In spite of 
extensive fforts, these agents failed to induce activa- 
tion of the CI channel under similar conditions in 
cultured human keratinocytes (Table III). Nevertheless 
the channel characteristics and sensitivity to blocking 
agents are indistinguishable to the outwardly rectifying 
CI channel which is expressed in many (non)-epi- 
thelial cells [10,11,13,22,32,33,34]. The apparent insen- 
sitivity of the keratinocyte 32 pS channel to phospho- 
rylating enzymes may suggest that an unidentified regu- 
latory component associated with the membrane, con- 
ferring protein kinase sensitivity to the Cl -channel, is 
missing in this cell type. Furthermore, lipid and/or 
steric effects may be responsible for the unsuccessful 
activation of this channel in excised patches. However, 
the importance of the outwardly rectifying channel in 
C1 -secretion may be overestimated since a number of 
studies failed to detect a significant level of cell-at- 
tached activity of the 32 pS C1--channel in cultured 
pancreatic duct cells [33], Necturus choroid plexus [32], 
colon carcinoma T84 cells [35], distal nephron [36] and 
thyroid cells [37]. In these cells cAMP/PKA activated 
C1--channel activity is non-voltage rectifying with ap- 
prox. 5 pS channel conductance while activity of the 32 
pS Cl--channel in the cell-attached configuration is
sporadically observed. Very recently this small C1 - 
channel was shown to be present after cAMP stimula- 
tion in an insect cell line infected with a viral vector 
expressing CFTR [38]. 
The physiological role of the excised 32 pS rectifying 
channel is yet unclear. In a preliminary report it is 
suggested that the channel might be active in volume 
regulation [39] which may explain the finding that the 
channel is observed in many non-epithelial cells. 
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